The aim of this research was to develop a novel sampling method to collect volatile and semivolatile organic compounds, and particle matter, in aerosol samples. Aerosols have both biogenic and anthropogenic sources. Primary organic aerosols (POA) are directly emitted, while secondary organic aerosols (SOAs) are formed by reaction of gas-phase compounds in the atmosphere. The sampling method developed in this research will enable the collection of a complete range of compounds, with the ultimate goal of allowing regulatory agencies and scientists to improve the development and testing of computer models that predict the roles of aerosols in atmospheric and health sciences.
Introduction
Characterization of aerosols has been a long-standing challenge in scientific disciplines from the atmospheric physics to the health sciences. Aerosols play key roles in social challenges, including acting as climate forcers and pollutants that can cause severe health impacts (EPA, 2003) .
The prevalence of aerosols in many fields of research can be attributed to their capacity to form from a variety of compounds. The tendency of compounds to form aerosols is influenced by several factors, including vapor pressure, ambient temperature, and activity. These factors, as well as the diversity of compounds, can act together to complicate the characterization of aerosols. Another challenge of characterizing aerosols is determining the source of the aerosol.
While there are thousands of aerosol sources, the sources can be divided into two categories:
anthropogenic and biogenic. Anthropogenic aerosols are synthetic in nature (i.e., emanating from human activity); biogenic aerosols are natural in origin, but not necessarily less harmful. The variety of chemical compounds formed by the variety of different sources creates difficulty when attempting to distinguish a specific source of particle pollution. Capturing a wide range of compounds is also challenging since a single collection method is generally insufficient.
Properties
The chemical and physical properties of aerosols influence how it impacts the atmosphere or human health. If a compound 'harms health, environment, and causes property damage' then it is classified as a criteria pollutant and must be controlled if levels exceed national standards (EPA, 2014) . Aerosols are composed of primary organic aerosols (POAs), which are aerosols that are directly emitted, or secondary organic aerosols (SOAs), aerosols formed in the atmosphere through physical and chemical interactions. One example of SOA is the condensation of sulfur dioxide into liquid particles to form sulfates (Masters, 1998) . The role of aerosols in climate change is divided into direct and indirect effects. The reflection of sunlight by aerosols is defined as a direct effect since the particulate phase of the aerosol is physically reflecting the light, whereas the influence of the particulate phase on cloud formation and lifetime is defined as a secondary effect (Masters, 1998) . Aerosols differ from greenhouse gases in that their lifespan is on the order of days and years, while greenhouse gases can last for decades; however aerosols can have strong regional effects on climate (Voiland, 2010) .
The National Ambient Air Quality Standards (NAAQS) define the acceptable concentrations of pollutants in the atmosphere based on the impacts those pollutants can have at established concentrations for a time duration of exposure. The particulate phase of aerosols is also known as particle matter (PM). PM is divided into two categories, PM 2.5 and PM 10 ; particles with diameters of ≤ 2.5 microns or ≤ 10 microns in diameter respectively. The standards for PM 10 and PM 2.5, common pollutants, is set at a 24 hour maximum concentration of 150 and 35 (µg/m 3 ), respectively, and can result in reduced visibility as well as excess deaths (U.S. EPA, 1994).
Models used to enforce these standards and predict effects of pollutants require data for validation and continued development. Data are obtained by collecting and analyzing aerosol samples; the analysis details the composition of the aerosol sample retained on the collection media. The composition of aerosols then can be used to assist in determining sources.
Sampling
Without effective means of analyzing samples for their specific chemical constituents, regulatory agencies lack sufficient information to determine the effects aerosols from specific sources are having on the atmosphere or on human health. 
Figure 4: Ligocki and Pankow Apparatus using Polyurethane Foam Plugs and Tenax-GC ADC cartridges
Staaf and Ostman's article details the procedure for streamlining the solid phase extraction (SPE) process used by other researchers (2005) . SPE cartridges are preferrable to other collection filters, such as PUFPS, because the cartridges can be used for both sampling and extraction. This combination of steps allows for the removal of time-consuming manual steps and can be used with both gas chromatography and mass spectrometry analysis. Extraction of the filters used methyl-tert-butyl ether with recovery rates of roughly 100%.
The role of decomposition of compounds on the sampling medium itself has encouraged faster derivitization techniques; on such technique is online derivitization. Recently, Issacman et al.
(2014) explored the use of online derivitization with an automated in-situ apparatus to improve the number of compounds that can be resolved in semi-volatile thermal desorption aerosol gas chromatography (SV-TAG). SV-TAG allows the collection of particle only samples and particle-plus-vapor combined samples by using a dual cell. These sampling apparatuses are often large and require stationary sampling.
Goals and Objectives
Our research will evaluate the feasibility of using Polytetraflouroethylene (PTFE) filters, Adsorption Thermal Desorption (ATD) cartridges, and SPE filters to capture compounds ranging from volatiles to semi-volatiles and particle matter. This study is taking place in two phases. The first phase evaluated the effectiveness of using SPE independently. Phase two will assess the ability of SPE and ATD to be used to collect VOCs and SVOCs simultaneously. 
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A novel sampling method was tested in phase one of this research. This method used two SPE filters in series to collect aerosol samples, which were then extracted to characterize the SVOCs captured on the filters. The breakthrough found in a filter was quantified as the mass difference between filters. This allowed us to estimate the rate of retention of each filter based on the mass loading ( Table 1) .
Characterization of compounds retained on the SPE filters is taking place at EMSL using gas chromatography with mass spectrometry (GC-MS). The chromatographs produced from this analysis will be used to determine the range of compounds retained on the filters.
Phase II
In phase two an ATD cartridge will be placed in parallel with an SPE filter. A PTFE filter will be placed upstream of the SPE filter to capture particle matter for analysis and to prevent contamination of the SPE filters in the SVOC line. The SPE filter will collect compounds with lower volatility than collected by the ATD cartridges, but higher volatility than collected by the PTFE filters.
Methodology

Apparatus Design
The SPE filters were prepared with a 5 x 5 ml rinse of acetone and methanol to remove contaminants. Filters were dried in a heated glass cylinder with a constant low-flow supply of nitrogen. Each filter was then pre-weighed and placed in a clean foil packet.
Foil pieces and packets were sterilized by baking for 12 hours in a 160°F oven. The sampling apparatus for phase I was constructed using two Teflon filter holders, ¼" Teflon tubing, five ¼" plastic ferrules, and one valve. Teflon tubing, ferrules, and valve were sonicated three 12 times for 15 minutes each in an acetone bath then wrapped in sterile foil and dried via evaporation in a fume hood.
ATD cartridges will be used for the collection of VOCs. An ozone and PM filter will be placed upstream in the sampling line. This filter will prevent fouling with PM from the samples. Removing ozone from the sample is a necessity to prevent on-filter decomposition due to reaction of sampled compounds with ozone to form secondary products. Selection of pumps to pull air through will be dictated by the sample volumes required by each component, approximately three L min -1 . A flowmeter was calibrated for high and low flow using compressed nitrogen gas and a digital flow meter. Once samples from phase II are collected they will be prepared for shipment and sent for analysis at the Environmental and Molecular Sciences Laboratory (EMSL) at the Pacific Northwest National Laboratory (PNNL). 
Sampling Approach
Collected samples were stored in a refrigerator at below freezing. Samples from phase I were shipped with dry ice to PNNL, in Richland, Washington. Compounds from the ATD cartridges will be extracted using thermal desorption and injected via carrier gas for analysis using twodimensional gas chromatography (GC x GC). The SPE and PTFE filters will be extracted at EMSL. This extract will be split with one half being derivatized for use with GC x GC at PSU and one half being analyzed with LC x LC at EMSL.
SPE filters were placed in the apparatus in the lab and two Natural American Spirit cigarettes were sampled utilizing the ISO 3308-2012 smoking procedure. Sampled filters were then removed from the apparatus and placed in sterilized aluminum packets. A second round of sampling followed with new samples being removed from sterile packets and placed in the apparatus filter holders. A blank filter was brought out and held in the same sampling area before also being placed in a sterile packet. These packets were then weighed with the filters in them to determine the collected mass (Table 1) 
Chromatograph Interpretation
PTFE filters were tested at Reed College and analysis was performed by EMSL which produced chromatographs (Appendix A). These chromatographs display the species distribution on the filters based on deviations from the blank, indicated by a red line. The mass to charge ratio on the horizontal axis can be related to volatility based on the elution of the sample. As the sample is heated the most volatile compounds elute first followed by the less volatile compounds with higher masses. These results confirmed the feasibility of using SPE filters in series with ATD cartridges to collect aerosols across a range of volatilities.
Application and Conclusions
Results
Phase 1: Results
In phase one of the research, our apparatus has shown itself to effectively collect SVOCs using solid phase extraction filters (SPE).
Phase II Planning
In phase two, the ability of our apparatus to collect VOCs using adsorption-thermal desorption (ATD) cartridges in conjunction with SPE filters will be assessed. This research will be performed at EMSL labs in June and July of this summer.
Conclusion
Our apparatus combines a wide range of analysis capability with an easily implemented setup.
Unlike many setups, which require large stationary arrangements, ours can be mobilized due to the low weight, autonomy, and simple assembly ( Figure 6 ). Power requirements consist of only two XKC pumps for the two separate sample lines. Filters and cartridges can be exchanged easily between rounds of sampling.
Initial results of the SPE assessment showed a significant retention of approximately 80% by mass on the first filter based on pre-and post-weight data. Samples were sent to PNNL for analysis to derive chromatographs. This research will continue into Phase II this summer with analysis of ATD and SPE collection in parallel ( 
